Increased Prevalence of Cardiovascular and Autoimmune Diseases in Periodontitis Patients: A Cross-Sectional Study
P eriodontitis is a chronic inflammatory disease of the supporting tissues of the teeth. Severe generalized periodontitis affects 5% to 15% of any population worldwide and is a major cause of tooth loss. 1 However, periodontitis seems to affect more than just the supporting tissues of the teeth. Studies have reported associations between periodontitis and cardiovascular and autoimmune diseases, [2] [3] [4] [5] such as myocardial infarction, 6, 7 hypertension, 8 stroke, 9, 10 diabetes mellitus (DM), [11] [12] [13] [14] [15] [16] and rheumatoid arthritis (RA). [17] [18] [19] [20] [21] The underlying causes of such associations could be fourfold. First, a disease may predispose to the development of periodontitis. Second, the reverse may be true, periodontitis may predispose to the development of certain diseases. Third, there may be no effect of a disease on periodontitis and no effect of periodontitis on that disease. The association between periodontitis and that disease would then be a coincidental finding caused by a ''third'' confounding factor. Fourth, periodontitis may indeed cause a certain disease, but only in the presence of a ''third'' modifying factor. It is also possible that all these mechanisms collectively cause association between periodontitis and a certain disease. Whatever the nature of associations between periodontitis and cardiovascular and autoimmune diseases may be, the existence of such associations may be relevant to the prevention of both periodontitis and other diseases.
Because several studies did not find a significant association between periodontitis and cardiovascular or autoimmune diseases, [22] [23] [24] [25] [26] [27] the existence of associations among periodontitis and cardiovascular and autoimmune diseases is still not proved beyond doubt. Furthermore, studies that did find a significant association most often assessed periodontal status within groups of patients with a particular cardiovascular or autoimmune disease. Selecting groups of patients with a particular cardiovascular or autoimmune disease may lead to selection bias. The selected patients may not be representative for all patients with a cardiovascular or autoimmune disease, nor of patients attending a dental or periodontal clinic. Therefore, it is unknown whether associations between periodontitis and cardiovascular and autoimmune diseases exist in patients attending a dental or periodontal clinic. The aim of this study is to assess the existence of associations between periodontitis and cardiovascular and autoimmune diseases in a random selection of dental records of patients attending a dental or periodontal clinic.
MATERIALS AND METHODS

Subjects
Data were collected from a convenient sample of 1,276 randomly selected dental records, 588 patients attending a dental clinic and 688 patients attending two periodontal clinics. Selection was performed by randomly picking letters and including all patients whose family name started with the randomly selected letters.
The dental clinic was located in the northern part of The Netherlands (Leeuwarden). Patients attended this clinic for regular dental check-ups once or twice a year. The periodontal clinics were located in the northern (Groningen) and western (Amsterdam) part of The Netherlands, respectively. These periodontal clinics treated patients who were referred for specialist periodontal care.
All patients attending the dental clinic were routinely screened for periodontitis using a Community Periodontal Index of Treatment Needs (CPITN)-based scoring system 28, 29 in which probing depths (PDs) were measured on six sites per tooth, on all teeth, and the highest CPITN score per sextant was recorded. If all CPITN scores were <3 in all sextants, indicating no PD ‡4 mm (defined as health to gingivitis), only CPITN scores per sextant were recorded. If any CPITN score was ‡3, indicating PD ‡4 mm (defined as periodontitis), all PD measurements, full mouth at six sites per tooth, were recorded. All patients attending the specialist periodontal clinics underwent full-mouth PD measurements on six sites per tooth, all of which were recorded. Hence, full-mouth PD data were available for all patients with periodontitis. These data were used to calculate the number of sites affected by PD ‡4 mm as a percentage of the total amount of probed sites (extent) and the mean PD (severity).
All patients in dental and periodontal clinics completed the same, extensively validated, self-reported health questionnaire. [30] [31] [32] Patients' responses to this questionnaire have previously been compared with the results of a verbal history, taken by an experienced physician (the gold standard). The sensitivity, specificity, and Cohen k of the medical questionnaire were shown to be 0.88, 0.98, and 0.87, respectively. 33 Information on the prevalence of cardiovascular and autoimmune diseases was obtained from this questionnaire. Additionally, use of medication was also available from the same health questionnaire. This information was used to verify patients' answers regarding the presence or absence of cardiovascular or autoimmune diseases. Information on age, sex, and smoking status was obtained from patients' dental records.
Inclusion Criteria
Records were included of dentate patients who were ‡18 years old, who completed the health questionnaire, and of whom a full-mouth CPITN-based screening or full-mouth PD recording was available. When the interval between date of periodontal screening and date of completion of the health questionnaire exceeded 1 year, records were excluded. This study was approved by the Medical Ethics Committee of the University Medical Center Groningen.
Selection of Other Diseases and Possible Confounders
In the current study, cardiovascular (i.e., hypertension, myocardial infarction, and stroke) and autoimmune (i.e., DM, hypothyroidism, and RA) diseases were chosen from the health questionnaire for analysis on the basis of their reported associations with periodontitis. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The selection of these diseases from the health questionnaire was performed before analysis. As potential confounders in the relationship between periodontitis and cardiovascular and autoimmune diseases, sex, age, and smoking habits were also assessed; these variables were also selected before analysis of their potential association with periodontitis.
Statistical Analyses
Group 1 consisted of controls (subjects attending the dental clinic without periodontitis). Groups 2 and 3 consisted of periodontitis patients attending, respectively, the dental clinic (Group 2) and periodontal clinics (Group 3) (Tables 1 and 2) . First, differences in the prevalence of cardiovascular and autoimmune diseases among three groups of patients were compared (Groups 1, 2, and 3). If there was a significant difference among the three groups, pairwise comparisons were made (Group 1 with Group 2 and Group 1 with Group 3). Differences in the prevalence of cardiovascular and autoimmune diseases were tested for significance using the chi-square test. Differences in potential confounders (age, sex, and smoking status) among patients were tested likewise; first overall (Groups 1, 2, and 3), and in case of a significant difference, second pairwise using the chi-square test and independent sample t test as appropriate. Additionally, differences in confounders and disease prevalence among patients with periodontitis attending dental or periodontal clinics (Groups 2 and 3) were tested for significance. For all pairwise comparisons, a Bonferroni-Holm correction for multiple statistical tests was used, adjusting the significance level of 0.05 appropriately.
Diseases that were found to be significantly more prevalent among patients with periodontitis in the univariate analyses were further analyzed using logistic regression (method: backward stepwise). On the basis of the outcomes of the logistic regression, the associations were expressed as odds ratios (ORs) while controlling for potential confounding by age, sex, and smoking status. Smoking was entered into the model as 0 for currently not smoking, or 1 for currently smoking. Age was entered as a continuous variable. Effect modifications (i.e., interactions between variables) were explored. Logistic regression analyses were performed separately for patients with periodontitis attending dental and periodontal clinics by selecting, respectively, Groups 1 and 2 and Groups 1 and 3. All statistics were calculated using a statistical software program. #
RESULTS
Patients' Characteristics
In the dental clinic, 91% of 588 randomly selected dental records met inclusion criteria (n = 537; Table  1 ). The remaining 9% of the selected records (n = 51) was excluded mainly because the interval between the date of periodontal screening and the date of completion of the health questionnaire exceeded 1 year. Full-mouth PD recordings were available for 72% (n = 163) of all patients with a CPITN score of ‡3 (n = 225). In the remaining 28% of the patients with a CPITN score ‡3 (n = 62), full-mouth PD recordings were unavailable because of objection to full-mouth screening for financial or other reasons. On average, 36% (median, with interquartile range, 21% to 52%) of all probed sites of patients with periodontitis in the dental clinic were affected by median PD of 4.9 mm (interquartile range, 4.6 to 5.3 mm).
In the specialist periodontal clinics, 98% of 688 randomly selected records met the inclusion criteria (n = 671). On average, 49% (median, with interquartile range, 30% to 72%) of all probed sites of patients with periodontitis in periodontal clinics were affected by median PD of 5.2 mm (interquartile range, 4.8 to 5.7 mm). Table 1 shows patients' characteristics.
Results of Univariate, Unadjusted Analyses
The prevalence of periodontitis in the dental clinic was 40% ( Table 1 ; Group 2). Among Groups 1, 2, and 3, age and sex differed significantly (P values, respectively, <0.001 and 0.003). Patients with periodontitis in the dental clinic (Group 2) were significantly older than controls (Group 1; mean difference 8 years; P <0.001). Patients with periodontitis in the periodontal clinics (Group 3) were on average 16 years older than patients without periodontitis in the control group (P <0.001). Periodontitis patients from periodontal clinics were more often female (61% versus 48%; P <0.001), and were on average 8 years older (P <0.008) than patients with periodontitis in the dental clinic. Data on smoking habits were available for 50% of patients attending the general dental clinic. In specialist periodontal clinics, data on smoking status were present in 99% of cases (663 of 671). Smoking status differed significantly among all groups and between Groups 2 and 3 (P <0.018 and P <0.026, respectively). Patients with periodonti-tis from periodontal clinics had significantly more sites affected by significantly deeper PD (P <0.001). Prevalence of hypertension, DM, and RA differed significantly (P <0.001, P <0.023, and P <0.025, respectively), among all three groups ( Table 2 ). In the dental clinic the prevalence of hypertension was significantly higher in patients with periodontitis compared to controls (P = 0.001). In the periodontal clinics, the prevalence of hypertension, DM, and RA was significantly higher than controls (P <0.001, 0.008, and 0.004, respectively). There was no significant difference in the prevalence of any diseases among patients with periodontitis from dental and periodontal clinics (Groups 2 and 3; data not shown).
Results of Logistic Regression Analyses
When controlling for age, sex, and smoking status, periodontitis was the only predictor of DM in the dental clinic with an OR of 4 (1.03 to 15.5, P = 0.046).
Periodontitis was kept in the regression models predicting RA presence in both dental and periodontal clinics because the probability for stepwise removal was set at 0.10 (significance of change 0.060 and 0.063 for models of dental and periodontal clinics, respectively). Dental clinic periodontitis was the only predictor that was kept in the model. In periodontal clinics, age and sex were additional predictors of RA. Because only one patient with RA did not have periodontitis (Table 2) , of which smoking status was unknown, the ORs (and their confidence intervals) of RA associated with having periodontitis in both models were unrealistically large when controlling for smoking status. Therefore, proper assessment of the nature of associations between periodontitis and RA could not be performed. Periodontitis did not predict the presence of the remaining diseases analyzed in this study, i.e. ORs of these diseases were not significantly increased, nor was periodontitis kept in the regression models predicting these diseases.
Introducing age, sex, and smoking status as possible effect modifiers (i.e., instead of introducing them as confounders) did not result in a significantly better regression model nor in significant regression coefficients of these effect modifiers.
DISCUSSION
Most studies on associations among periodontitis and cardiovascular and autoimmune diseases assessed periodontal status within a group of patients with a particular cardiovascular or autoimmune disease. To avoid selection bias, this study assessed these associations in a large random sample of patients attending general dental (n = 537) and periodontal (n = 671) clinics. Several conclusions can be drawn from the results.
In univariate unadjusted analyses, hypertension was significantly more prevalent among periodontitis patients in the dental clinic. DM was almost significantly more prevalent (P <0.012, with significance level P = 0.010 using Bonferroni-Holm correction). Hypertension, DM, and RA were significantly more prevalent among patients with periodontitis in the periodontal clinics. Given the random selection of patients attending these clinics, the increased prevalence of these cardiovascular and autoimmune diseases among patients with periodontitis is probably not the result of selection bias.
When controlling for age, sex, and smoking status as potential confounders, the OR of DM was significantly increased (OR 4; 95% confidence interval, 1.03 to 15.3) in patients with periodontitis in the dental clinic.
The significantly increased prevalence of hypertension among patients with periodontitis may have been the result of confounding by age, sex, and smoking status because no significantly increased ORs were found after controlling for these factors.
Attempts to elucidate the nature of associations between periodontitis and RA, by controlling for the potential confounders of age, sex, and smoking status, were hampered by the low prevalence of RA. When logistic regression analyses were performed controlling for smoking status, periodontitis was kept in the final regression models predicting RA in dental and periodontal clinics. However, results from logistic regression analyses yielded unrealistically large ORs and confidence intervals. Given the low prevalence of RA, a case control study might have been more appropriate to elucidate the nature of associations between periodontitis and RA. However, case control studies are susceptible to selection bias, hence the reason why this study was performed on a random sample of patients attending dental and periodontal clinics. Thus, the nature of the observed association between periodontitis and RA remains unclear, but might be caused by more than just confounding.
The relevance of the significantly increased OR of DM, controlled for confounding, in the dental clinic depends on whether this association can be generalized to the general population and on the nature of this association. Regarding generalization, we did not use a population-based sampling scheme to capture a representative sample of the general population. Rather, a random sample of patients attending a dental clinic was taken from an area where 74% of the general population attends a dental clinic for a yearly check-up. 34 Therefore, our sample might be representative of the general population in the northern part of The Netherlands.
Regarding the nature of the association between DM and periodontitis, there may be a bilateral causal association between periodontitis and DM. On the one hand, DM may lead to periodontitis. Increased levels of blood glucose lead to altered local immune responses, delayed wound healing, and increased chance of infections. 35 On the other hand, periodontitis may lead to DM. An inflammatory burden, consisting of inflammatory mediators, such as tumor necrosis factor-a, interleukin-6, and interleukin-1, in the systemic circulation alters lipid and glucose metabolism 36 and induces insulin resistance. [37] [38] [39] This inflammatory burden posed by periodontitis may be quantified by means of the periodontal inflamed surface area. 40 On a group level, an increase in periodontal inflamed surface area has been shown to be associated with an increase in hemoglobinA 1c in patients with type 2 DM. 15 Finally, treatment of periodontitis has been shown to improve glycemic control in patients with type 2 DM. [41] [42] [43] [44] [45] [46] [47] [48] Therefore, this association could be relevant to public health. However, this study by its nature could not establish causality.
The use of the CPITN to diagnose periodontitis in the dental clinic may be considered a weakness of this study. However, full-mouth PD recordings were available for 72% of patients with a CPITN score ‡3. The results of these 72% show that, with an average number of 26 teeth, around which a median of 36% of probed sites exhibited median PD of 4.9 mm, patients with a CPITN score ‡3 may, at least in our study, safely be regarded as having periodontitis. 49 The use of questionnaires to assess general health might be considered another point of weakness of this study. However, all clinics used the same validated health assessment questionnaires. Previous studies have shown that this questionnaire had a sensitivity, specificity, and Cohen k of 0.88, 0.98, and 0.87, respectively. 33 Thus, the questionnaire applied in this study may be considered a sound indicator of the presence of cardiovascular and autoimmune diseases.
A weakness of this study is that smoking status was available for only 50% of patients attending the dental clinic. Fortunately, there is no reason to assume any form of bias in the availability of data on smoking status because data on smoking status were available in approximately 50% of both patients with periodontitis and healthy controls. However, binary logistic regression analyses controlling for smoking status (and age and sex) could only make use of those patients whose smoking status was known. Thus, sample size was reduced by 50%, thereby decreasing statistical power. This may have hampered analyzing the associations between periodontitis and diseases with a low prevalence. Furthermore, we could not control for smoking duration and dose (pack years).
A final weakness of this study may be that the data originally entered into the dental records were recorded by different professionals, and these professionals were not formally calibrated among the participating clinics. However, all clinicians were highly experienced periodontists, except the one general dentist who collected data in the dental clinic. However, she was trained by the same periodontists who collected the data in periodontal clinics. Therefore, the lack of formal calibration has probably not harmed the validity of our results.
CONCLUSIONS
There is an increased prevalence of cardiovascular and autoimmune diseases among patients with periodontitis attending dental or periodontal clinics. The increased prevalence of DM and RA in patients with periodontitis could not be explained by confounding. The increased prevalence of other diseases is, at least in part, caused by confounding. Nevertheless, these findings might be relevant in safeguarding oral health because these diseases may be regarded as risk indicators of periodontitis.
